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Abstract 

Based on the mechanism of cusp production on long cosmic strings, the baryon 
asymmetry caused by cusp annihilation has been calculated. The result is compatible 
with observation and stronger than the results from loops. 
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1 Introduction 



Grand Unified Theories (GUT) are possible frameworks to explain the baryon asymmetry 
of the universe where the Sakharov's conditions |IJ i.e. 1) baryon number violation, 2) C 
and CP violation and 3) departure from thermal equilibrium are satisfied. GUTs predict 
that the universe underwent a series of phase transitions during its early stage of evolution. 
Cosmic strings are one dimensional topological defects that are generated during the phase 
transition ||, 0. Cosmic strings have to be in the form of loops or infinitely long with the 
important parameter fi, mass per length of the strings and are very desirable in cosmology. 
The value Gfi ~ 10~ 6 is compatible with 

1) the scale of GUT symmetry breaking 

2) structure formation models and 

3) thermal fluctuations of the background radiation (the recent COBE results). 

The oscillations of cosmic strings typically lead to the formation of cusps. A cusp is a 
point where two segments of the strings overlap and the point reaches the speed of light. 
There is no topological barrier to conserve cusps from decaying into bursts of Higgs or 
superheavy particles. The rate of decay and total energy of cusp annihilation has been 
worked out in |Q and || , respectively. The starting point for the perturbative calculation is 
to consider the interacting lagrangian as [3] 

Cj = \\<f>\ V (1.1) 
where A is the coupling constant of the Mexican hat potential 

W) = i\(|0| 2 -a 2 ) 2 (1 . 2 ) 

if) is the outgoing particles, a is the scale of GUT symmetry breaking and (p is the complex 
field configuration of the string. 

The dimensionless value that most authors try to derive is the ratio of the net baryon 
number density, denoted by riB — rig, to the entropy density of the universe, s, or rj — nB ~ n s _ 
The observational value for r\ based on the measurments of aboundances of primordial D, 
3 He and 7 Li is in the range (6 — 10) x 1CT 11 . 

Cusp annihilation on cosmic strings has long been considered as a mechanism to describe 
the baryon asymmetry of the universe 0. The annihilation of cusps produce superheavy 
if} particles. Furthere decay of these particles results in the baryon asymmetry of AB ~ 
10~ 2 — 10~ 13 [0]. In |J loops of ordinary cosmic strings are considered and the baryon 
number production from kinks and cusps evaporation has been calculated. The result of 
H is independent of era shows cusp annihilation on loops results in a compatible value 
for rj. Kink evaporation, on the other hand, cannot describe the observed value of baryon 
asymmetry. Another mechanism to be accounted for baryogenesis is the collapse of the 
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topological defects such as cosmic string loops or textures ||. In the former approach, 
oscillations of cosmic string loops reduce their radius due to gravitational radiation. The 
loops shrink to their minimum size ~ \~^a _1 when they have zero winding number and can 
decay into superheavy particles. The decay of these superheavy particles are accounted for 
the baryon number asymmetry. The other mechanism of || is the shrinking of the loops by 
cusp annihilation. In each period of oscillation of a loop, equivalent to its length, a cusp 
forms and radiates causing the loss of energy and therefore the decrease of the radius of the 
loop. 

The ratios of baryon number generation of loops due to the decrease of its radius by 
gravitational radiation and cusp annihilation are respectively 

T 

Vca. = Vma X \H^) 3/2 M 
J- c 

where r] max ~ MjfAB ( 1(T 13 < AB < 1(T 2 ) and N x is the helicity of spin and N is the 
number of states. T F is the temperature at the time t F = (■yGfi)~ 1 t' F where tp is the time 
that loops reaches to its minimum size length and decays and t' F is the time when the loop 
is formed. 

In a mechanism has been suggested that produces cusps from colliding traveling 
waves on long strings. In this work, based on the same mechanism, we calculate the baryon 
asymmetry caused by long cosmic strings from cusp annihilation. 

In the next section, we calculate the amount of baryon number from cusp annihilation 
on long strings. 



2 Baryon number production from long strings 

According to a numerical simulation, long strings are 80% of the total cosmic strings formed 
at the GUT phase transition ||. Therefore they may have important contribution to radia- 
tion from cosmic strings. 

Long strings do not shrink to a point and the only possibility for them to radiate su- 
perheavy particles is through cusp annihilation. Cusps, on long strings, are formed, up to 
a probability, when two wiggles traveling along the string collide. If we assume the wiggles 
have random shapes we can find the probability of formation of a cusp is 50% ||. The prob- 
ability of formation of more than one cusp in each collision is also non-zero. Of course it is 
clear that the shapes of wiggles are not random since the fractal dimension of cosmic strings 
is 1.2 (and not 2 for the random shape) [[HJ. Due to this mechanism and the possibility of 
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superheavy particle production from cusps annihilation, long strings could contribute to the 
baryon number generation. 

The scaling distribution of long strings is given by H 

nr: lm9 = £ (2-5) 

where v is a constant of the order 100 and t is the cosmological time. The distribution before 
the scaling solution, however, is different and is given by [[l 1 



n Ls . = ; — 3 (2-6) 

where v' is constant. 

The distribution of traveling waves on long strings can roughly be written || as 

K(l,t) = a± (2.7) 

where / is the size (the order of wavelength) of the traveling wiggle and a is a constant. 
The total number of cusps per volume will be 

^1 



n c (t) = P c f dt'n Ls . f dlK(l,t')-z(t')- 3 (2.8 



where z(t) is the red shift factor at the time t, j represents the frequency of the impacts of 
the wiggles. The probability of cusp formation on long string upon each collision is denoted 
by P c . 



In the integration ( 2.8 ) l min is a minimum for the size of traveling waves, beyond which 



gravitational radiation smoothes out the wiggle 

lmin ^ iGllt (2.9) 

where 7 ~ 100. 

The minimum time t m i n is close to the time when cosmic string is formed, i.e. t c , the 
time when GUT phase transition occurs. 

It should be noted that we have neglected the effect of friction and the fact that the 
traveling waves do not change their shape when they travel along the string [|l!J . 

To implement the third Sakharov condition, i.e. out of equilibrium condition, we should 
have 

r < H (2.10) 

where T is the decay rate of the superheavy particle and H is the expansion rate of the 
Universe. Here we consider the decay of superheavy particles and don't consider the inverse 
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decay or collisions. Therefore the minimum time can be approximated by t m i n = t s ~ lOm^ 1 
H, when the inverse decay is suppressed by boltzman factor. t s is given by 



y lbn^g* m p i 



Using the number density (2J3), the total number of cusps at the time t, before the scaling 
solution era, will be 

u , Iv'PrOL 1 1 

n c (t) 



The net baryon number from cusp evaporation is 

n B = n c AB (2.12) 

where AB is the amount of baryon number violation due to CP violation from the decay of 
the superheavy particles and is in the range of 10~ 2 — 10 -13 , depending on the model 0. 
The baryon number asymmetry will then be 

n B 7u'P c aAB 1 1 T 1 

V = — = s 1 2 — 5 r (2-13) 

8 2{ 1 Gixf{G^ (.30118^ 5 ) 2 is^ 9* s m p i (m pl t s )* 

s is the entropy density s = ^7r 2 g* s T 3 , g* s is the number of states and T is the temperature 
of the universe at the time t. 



By ( |2.13| ) it is seen that the baryon asymmetry produced by long strings depends on the 
era. It is easy to see, however, that the asymmetry produced in the early era is much more 
important. In fact by using fl2.5|) instead of ( |2.6|) , in the integration (|2.8| ), and performing 
the integration up to the present time it can be seen that the value of asymmetry is 30 order 
of magnitude less than the observed value. As a result we just consider the pre-scaling era. 
Another result of (|2.13j is that the suppression factor ( i.e. the exponent of T) is 1 while in 
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the case of loops it is more severe (equations ( |L3| ) and (|1.4j)P ). For v 1 ~ 1, jGfi = 10 
G\i = 10~ 6 , g* = g* s = 100 and using Q2.ll]) we will have 

77 = .566 x l0 n aP c AB (^)? (2.14) 

m p i m p i 

The exact value for P c and a is not known yet, but it is surely P c < |. In U it was 
assumed a = 1 which is an upper estimate for a and we should have a < 1. 

Therefore, for ~ l^GeV [|, aP c = .5 @, T ~ 10 13 GeV and m pl ~ 1.2 x 10 19 GeV 
we see that for the value AB ~ 10~ 8 , the baryogenesis from long cosmic strings is consistent 
with the observed value. 
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3 Conclusion 

Long strings are able to radiate superheavy particles via production and annihilation of 
cusps. Cusps may form on long strings when two traveling wiggles collide. The annihilation 
of cusps could be accounted for baryon asymmetry of the universe. By calculating the total 
number of cusps on long strings, as a function of time, we have calculated the amount of 
baryon asymmetry from them. It is assumed that one (or a pair of) superheavy gauge 
particle(s) is produced from each cusp annihilation. The suppression factor for long strings 
is less than that of loops. As a result long strings have more important contribution than 
loops to the baryon asymmetry. 
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